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Triaxial and Consolidation Test Procedures 
Attached you will find descriptions of the test 
procedures currently in use in the Division of Research for 
performing triaxial compression tests and· consolidation 
tests on soils, These procedures have been written in general 
terms and require the use of no specific brand of test equip~ 
ment, In addition, the test methods embody those features of 
laboratory triaxial and consolidation testing that are 
currently considered to be more or less routine, In this 
sense, then, these test methods represent the nominal 
"standard" procedures, 
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S C O P E  
M e t h o d  o f  T e s t  f o r  
S T R E N G T H  P A R A M E T E R S  O F  S O I L S  
B Y  T R I A X I A L  C O M P R E S S I O N  T E S T S  
1 .  T h i s  m e t h o d  o f  t e s t i n g  e n a b l e s  t h e  d e t e r m i n a t i o n  
o f  t h e  s t r e n g t h  p a r a m e t e r s  o f  s o i l s .  T h e  m e t h o d s  d e s c r i b -
e d  a r e  t h e  c o n s o l i d a t e d  u n d r a i n e d  t r i a x i a l  c o m p r e s s i o n  t e s t - -
w i t h  o r  w i t h o u t  p o r e  p r e s s u r e  m e a s u r e m e n t s - - a n d  t h e  u n c o n -
f i n e d  c o m p r e s s i v e  s t r e n g t h  t e s t .  T h e  p a r a m e t e r s  o b t . a i n e d  
a r e  t h e  a n g l e  o f  i n t e r n a l  f r i c t i o n ,  ¢ ,  t h e  c o h e s i o n ,  c ,  a n d  
t h e  u n c o n f i n e d  c o m p r e s s i v e  s t r e n g t h .  T h e  v a l u e s  s o  o b t a i n e d  
m a y  b e  e m p l o y e d  i n  t h e  d e s i g n  a n d  a n a l y s i s  o f  e a r t h  s t r u c -
t u r e s - - w i t h  c o n s i d e r a t i o n  o f  t h e  a c c e p t e d  c r i t e r i a  o f  
s t a b i l i t y  a n d  s a f e t y .  
A P P A R A T U S  
2 .  ( a )  L o a d i n g  D e v i c e .  T h e  l o a d i n g  d e v i c e  m a y  c o n -
s i s t  o f  a  p l a t f o r m  w e i g h i n g  s c a l e ,  a  j a c k s c r e w ,  a n d  a  y o k e ;  
a  h y d r a u l i c  r a m ;  o r  o t h e r  c o m p r e s s i o n  s y s t e m s  h a v i n g  
s u f f i c i e n t  c a p a c i t y  a n d  s e n s i t i v i t y .  T h e  D i v i s i o n  o f  
R e s e a r c h  u s e s  a  f r a m e  e q u i p p e d  w i t h  a  v a r i a b l e - s p e e d ,  
m o t o r  d r i v e n  s c r e w  ( s e e  F i g u r e  A - 1 ) .  T h e  t e s t  c h a m b e r ,  
c o n t a i n i n g  t h e  s p e c i m e n ,  m o v e s  u p w a r d  a g a i n s t  a  f i x e d  
p i s t o n .  T h e  m o t o r  s h o u l d  b e  c a p a b l e  o f  e f f e c t i n g  d e -
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Figure A-16 Loading Frame with Proving Ring 
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minute to approximately 0. 0500 inches per mimrte. 
(b) r;oad Measuring Device. The load-measuring 
device may consist of a proving ring capable of 
measuring axial loads to the nearest 0.1 pound. When 
a proving ring is used, it is normally mounted. on t:.he 
outside of the test chamber. An electrical load cell 
may also be used ·to measure the axial loads applied to 
the test specimen (see Figure A-2). 'I'he load cell may 
be mounted inside the test chamber and thus minimize 
·the. error. in the measured load due to the friction 
between the loading piston and the bushing where the 
piston enters the chamber. When a load cell is used, 
the following accessory electronic equipment is needed 
to indicate the loads: 
(1) Amplifier. The electrical signals from 
the loacl cell are increased by this device so 
that they are sufficiently .la:t·ge to be detected 
by a digital voltmeter or strip chart recorder. 
(2) Power Source. A constant-voltage powe.r 
source is required to excite the load cell or 
pressure transducer. 
( 3) DC Bridge Balance. 'f'he device is used 
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Figure A-2g Loading Frame with Accessory Electronic Equipment 
{4) Digital Voltmeter or Strip Chart Re-
corder" These devices are used to indicate t.he 
load or pressure" 
(c) Deformation Indicator" The de forma t.ion in-
dicator may be a dial extensometer graduated to 0"001 
inches and having a travel of approximately 20 percent 
of the length of the test specimen or other measuring 
devices meeting these general requirements" 
(d) Trimming EquipmenL This equipment. includes 
a frame (see Figure A-3) ,, appropriate trimming and 
carving tools, vernier calipers capable of measuring 
the dimensions of the specimen to the nearest 0"01 inches, 
a sample cutter, an end-trimming device, and a sample 
extruder" 
(e) Pore Pressure Device" This device consists 
of a closed manometer gage and a null indica·tor o.r 
pressure transducer" When pressure transducers are 
used, the same electronic equipment used to monit.or 
loads, as measured by the electrical load cell, may 
be used" 
(f) Drying Oven" A thermostatically controlled. 
drying oven capable of maintaining a temperature of 
230+ 9°F (110 +5°C) for drying moisture content. 
specimens is required. 
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Cutter 
Figure A-3 ~ Specimen Trimming Equipment 
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' 
' End~ ... ~.·.·.·rimming Defee 
( g )  B a l a n c e s .  T h e  b a l a n c e s  s h a l l  b e  s u i t a b l e  
f o r  w e i g h i n g  s o i l  s p e c i m e n s  t o  t h e  n e a r e s t  0 . 0 1  g r a m s .  
( h )  P r e s s u r e  C h a m b e r .  ' I ' h e  p r e s s u r - e  c h a r r i b e r  
( s e e  F i g u r e s  A - 4  a n d  A - 5 )  i s  u s e d  t o  c o n t a i n  t h e  t e s t  
s p e c i m e n  a n d  t h e  c o n f i n i n g ·  f l u i d  d u r i n g  t h e  t e s t .  
A c c e s s o r y  p a r t s  a s s o c i a t e d  w i t h  t h e  t e s t  c h a m b e r  
i n c l u d e :  
s a m p l e  b a s e  p l a t e ,  p o r o u s  s t o n e ,  t w o  l u b r i c a t e d  
b a s e  p l a t e s ,  f o u r  s m a l l  r u b b e r  0 - r i n g s ,  s t o p c o c k  v a l v e ,  
s a m p l e  h e a d e r ,  t w o  l a r g e  r u b b e r  0 - r i n g s ,  S a r a n  t u b i n g  
f o r  d r a i n a g e ,  t o p  c a p ,  l o a d  p i s t o n ,  r u b b e r  m e m b r a n e ,  
f i l t e r  p a p e r  s t r i p s ,  d i a l  r e s t ,  a n d  d i a l  h o l d e r .  
( i )  M i s c e l l a n e o u s  A p p a r a t u s .  M i s c e l l a n e o u s  
e q u i p m e n t  r e q u i r e d  i n c l u d e s  a  v a c u u m  p u m p  a n d  c o m p r e s s e d  
a i r  s u p p l y  w i t h  a s s o c i a t e d  r e g u l a t o r s  a n d  p r e s s u r e  g a g e s ,  
a  m e m b r a n e  e x p a n d e r ,  m o i s · t u r e  c o n t e n t  c a n s ,  a n d  d a t a  
s h e e t s ,  a s  r e q u i r e d .  
P R E P A R A T I O N  O F  T E S T  S P E C I M E N S  
3 .  ( a )  S p e c i m e n  S i z e .  S p e c i m e n s  s h o u l d  h a v e  a  
m i n i m u m  d i a m e t e r  o f  1 . 3  i n c h e s ,  a n d  t h e  l a r g e s t  p a r t i c l e  
c o n t a i n e d  w i t h i n  t h e  t e s t  s p e c i m e n  s h o u l d  b e  s m a l l e r  
t h a n  o n e - t e n t h  o f  t h e  s p e c i m e n  d i a m e t e r .  F o r  s p e c i m e n s  
h a v i n g  a  d i a m e t e r  o f  2 .  8  i n c h e s  o r  l a r g e r ,  · t h e  l a r g e s t  
p a r t i c l e  s i z e  s h o u l d  b e  s m a l l e r  t h a n  o n e - s i x t h  o f  t : h e  
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Figure A-So Schematic Drawing of Triaxial Test Apparatus 
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a n  u n d i s t u r b e d  s p e c i m e n ,  i t  i s  f o u n d  t h a t  l a r g e r  
p a r t i c l e s  a r e  p r e s e n t ,  a p p r o p r i a t e  n o t a t i o n s  s h o u l d  b e  
m a d e  i n  t h e  r e p o r t  o f  t h e  t e s t  d a t a .  T h e  h e i g h t - t o -
d i a m e t e r  r a t i o  s h a l l  b e  b e t w e e n  1 . 2 5  a n d  3 .  T h e  
h e i g h t  a n d  d i a m e t e r  o f  t h e  s p e c i m e n  s h a l l  b e  m e a s u r e d  
t o  t h e  n e a r e s t  0 . 0 1  i n c h  u s i n g  a  v e r n i e r  c a l i p e r  o r  
o t h e r  s u i t a b l e  d e v i c e .  
( b )  U n d i s t u r b e d  S p e c i m e n s .  U n d i s t u r b e d  s p e c i m e n s  
m a y  b e  p r e p a r e d  f r o m  l a r g e  u n d i s t u r b e d  s a m p l e s  o r  f r o m  
s a m p l e s  s e c u r e d  i n  a c c o r d a n c e  w i t h  t h e  M e t h o d  f o r  T h i n -
W a l l e d  T u b e  S a m p l i n g  o f  S o i l s  ( A S T M  D e s i g n a t i o n :  D  1 5 8 7 ) .  
W h e n  t h e  t u b e s  a r e  r e c e i v e d  i n  t h e  l a b o r a t o r y ,  t h e  s a m p l e s  
a r e  e x t r u d e d  u s i n g  a  h y d r a u l i c  j a c k  m o u n t e d  i n  a  h o r i z o n t a l  
p o s i t i o n  ( s e e  F i g u r e  A - 6 } .  M o i s t u r e  c o n t e n t  s a m p l e s  a r e  
t a k e n  a n d  t h e  s a m p l e  i s  c u t  i n t o  s p e c i m e n s  o f  t h e  d e -
s i r e d  l e n g t h .  T h e  s o i l  i s  i d e n t i f i e d  b y  A S T M  T e n t a t i v e  
R e c o m m e n d e d  P r a c t i c e  f o r  D e s c r i p t i o n  o f  S o i l s  ( V i s u a l -
M a n u a l  P r o c e d u r e }  a n d  i s  d i p p e d  i n  w a x  a n d  s t o r e d  i n  a  
c o o l  p l a c e  u n t i l  r e a d y  f o r  t e s t i n g .  
T u b e  s p e c i m e n s  m a y  b e  t e s t e d  w i t h o u t  t r i m m i n g ,  
e x c e p t  f o r  t h e  s q u a r i n g  o f  e n d s ,  i f  c o n d i · t i o n s  o f  t h e  
s a m p l e  j u s t i f y  t h i s  p r o c e d u r e .  I f  t r i m m i n g  i s  n e c e s s a r y ,  
t h e  s p e c i m e n  s h o u l d  b e  h a n d l e d  c a r e f u l l y  t o  p r e v e n t  d i s -
t u r b a n c e ,  c h a n g e s  i n  c r o s s  s e c t i o n ,  o r  l o s s  o f  m o i s t u r e  
1 0  
..... 
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Figure A-6. Hydraulic Jack for Extruding Shelby Tube Samples 
and· vacuum Auger for Preparing Remolded Specimens 
c o n t e n t .  T h e  t r i m m i n g  o f  s p e c i m e n s ,  w h e n e v e r  p o s s i b l e ,  
s h o u l d  b e  d o n e  i n  a  h u m i d i t y - c o n t r o l l e d  r o o m  a n d  
e f f o r t  s h o u l d  b e  m a d e  t o  p r e v e n t  a n y  c h a n g e  i n  m o i s " t u r e  
c o n t e n t  o f  t h e  s o i l .  
T h e  f r a m e  o f  t h e  s a m p l e  t r i m m e r  u s e d  b y  t . h e  
D i v i s i o n  o f  R e s e a r c h  i s  c o n s t r u c t e d  s o  t h a · t  t h e  
c y l i n d r i c a l  c u t t e r  i s  m o v e d  v e r t i c a l l y  w i t h o u t  a n y  
h o r i z o n t a l  m o v e m e n t .  T h e  i n s i d e  d i a m e t e r  o f  t h e  c u t t e r  
i s  a p p r o x i m a t e l y  0 . 0 0 5  i n c h e s  l a r g e r  t h a n  t h e  d e s i r e d  
d i a m e t e r  o f  t h e  t e s t  s p e c i m e n ,  e x c e p t  f o r  a  l / 8 - i n c h  
l e n g t h  a t  t h e  c u t t i n g  e n d ,  w h e r e  t h e  d i a m e t e r  i s  e q u a l  
t o  t h e  s p e c i m e n  d i a m e t e r .  T h e  s a m p l e  i s  c e n t e r e d  u n d e r  
t h e  c u t t e r ,  w h i c h  i s  l o w e r e d  t o  t h e  d e s i r e d  p o s i t " i o n  
b y  l o o s e n i n g  w i n g  n u t s .  A f t e r  p o s i t i o n i n g ,  t h e  c u t . t . e r  
i s  s l o w l y  p u s h e d  d o w n  i n t o  t h e  s a m p l e ,  C o n c u r r e n t l y ,  
t h e  e x c e s s  s o i l  i s  t r i m m e d  a w a y  b y  u s i n g  c a r v i n g  k n i v e s ,  
e t c .  W h e n  t h e  f r a m e  i s  l o w e r e d  " t O  : i t s  f i n a l  p o s i  t " i o n  
a n d  t h e  c u t t e r  i s  f i l l e d  w i t h  t h e  s p e c i m e n ,  t . h e  c u · t t e r  i s  
r e m o v e d  a n d  t h e  s p e c i m e n  e x · t r u d e d  wit~h t h e  e x t r u s i o n  
b l o c k .  T o  i n s u : n 1 1  t h e  l e a s t  p o a s i b l e  d i s t u r b a n c e ,  
t h e  c u t t e r  i s  l u b r i c a t e d  w i t h  a  l i g h W e i g h t  o i l .  I f  
t h e  s u r f a c e  o f  t h e  e x t r u d e d  s p e c i m e n  i s  n o t  s m O O " t h ,  
b i t s  o f  t h e  s o i l  t r i m m i n g s  a r e  u s e d  t o  f i l l  a n y  v o i d s .  
A f t e r  t h i s ,  t h e  c u t t e r  m a y  a g a i n  b e  g e n t l y  p u s h e d  
o v e r  t h e  s p e c i m e n  t o  o n c e  a g a i n  i n s u r · e  a  p r o p e r - s i z e d  
s . p e c i m e n .  
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T h e  s p e c i m e n  i s  t h e n  p l a c e d  i n  t . h e  e n d -
t r i m m i n g  d e v i c e  a n d  t r i m m e d  s o  t h a t  t h e  e n d s  a r e  p e r -
p e n d i c u l a r  t o  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  u n i f o r m  
c i r c u l a r  s p e c i m e n .  
S e v e r a l  m e a s u r e m e n · t s  o f  t h e  d i a m e t e r  a n d  
h e i g h t .  o f  t h e  s p e c i m e n  a r e  m a d e  a n d  t . h e  w e i g h t  o f  t h e  
t e s · t  s p e c i m e n  i s  d e t e r m i n e d .  I f  t h e  e n t i r e  t e s t  , s p e c i -
m e n  i s  n o t  t o  b e  u s e d  f o r  d e t e r m i n a t . i o n  o f  m o i s · t u r e  
c o n t e n t ,  a  r e p r e s e n t a t i v e  s a m p l e  o f  c u t t i n g s  i s  s e c u r e d  
f o r  t h i s  p u r p o s e  a n d  p l a c e d  i m m e d i a t e l y  i n  a  c o v e r e d  
c o n t a i n e r .  
( c )  R e m o l d e d  S p e c i m e n s .  S p e c i m e n s  m a y  b e  p r e p a r e d  
f r o m  a  f a i l e d ,  u n d i s t u r b e d  s p e c i m e n  o r  f r o m  a  d i s t u r b e d  
s a m p l e .  T h e  d i s t . u r b e d  m a t e r i a l  m a y  b e  f o r m e d  i n  a  
m o l d  o f  a n y  s i z e ;  t h e  m e t h o d  o f  m o l d i n g  a n d  c o m p a c  t . i o n  
m a y  b e  v a r i e d  t o  p r o d u c e  t h e  d e s i r e d  d e n s i t y ,  m o i s t : u r e  
c o n t e n t ,  a n d  s o i l  s t r u c t u r e .  I f  · t h e  s p e c i m e n s  a r e  n o t  
m o l d e d  t o  t : h e  d e s i r e d  s i z e ,  t h e  s o i l  t r i m m i n g  e q u i p m e n t  
u s e d  · t o  t : r · i m  u n d i s t u r b e d  s a m p l e s  c a n  a l s o  b e  u s e d  t o  
t r i m  s p e c i m e n s  f r o m  t h e  r e m o l d e d  m a t e r i a l .  
R e m o l d e d  s p e c i m e n s  c a n  a l s o  b e  p r e p a r e d  f r o m  
u n d i s t u r b e d  s a m p l e s  b y  a n  e x t r u s i o n  p r o c e s s .  T h e  s o i l  
i s  m i x e d  i n  a  v a c u u m  a n d  f o r c e d  b y  a u g e r s  t h r o u g h  a  d i e  
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of desired size and shape. Cylindrical specimens up 
to three inches in diameter can be made bji tb.is processo 
.Mixing in a vacuum produces a high degree of uniformity 
and sat.uration o To prepare such specimens the soil is 
first pulverized and passed through a Number 4 sieve" 
Water is added t.o the entire sample, ·to bring the 
moisture content to ·the desired value, and mixed for 
a few minutes by hand 0 'rhe mixture is then run throu.gh 
the extrusion machine at least ·twice to insure complete 
and uniform n\ixing 0 The material is again run t.hrough 
the eKtrusion apparatus, and the rod of ex·truded soil 
is cut into specimens of the desired lengths and immedi-
ately immersed in melt.ed wax for protect:ion unt.il ·test-
ing. When the desired nurriber of specimens is obtained, 
more water can be added t.o the soil-water mixture and 
the mixing and extrusion process repeat.edo This permits 
the preparation of a number of specimens over a range 
of moisture contentso 
TEST PROCEDURE 
4. (a) The pedestal is prepared as follows g 1) a 
saturated porous stone is placed in t.he recession of 
the pedestal, 2) strips of filter paper are placed over 
the porous stone, and 3) a polished plexig·lass or 
teflon disk, slightly larger in diamet.er than the 
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s p e c i m e n ,  i s  p l a c e d  o v e r  t h e  p o r o u s  s t o n e  o n  t h e  
p e d e s t a L  T h e  d i s k  : i s  c o a t e d  w : i t , h  a  t h i n  f i l m  o f  
s i l i c o n e  g r e a s e  o  T h e  c o a t e d  d i s k  i s  u s e d  t , o  r e d u c e  
e n d  f r i c ' t i o n  b e t , w e e n  t h e  s p e c i m e n  a n d  ' t , h e  e n d  c a p  a n d  
t h u s  a l l o w  f o r  m o r e  u n i f o r m  d e f o r m a ' t i o n  0  T h e  s p e c i m e n  
i s  t h e n  p l a c e d  o n  t h e  c o a t e d  d i s k ,  a n d  t h e  s t r i p s  o f  
f i l t e r  p a p e r  a r e  f o l d e d  u p  a l o n g  t , h e  s i d e s  o f  t h e  
s p e c i m e n  t o  ' t h e  t o p  o f  t : h e  s p e c i m e n  i n  o r d e r  t o  p r o v i d e  
d r a i n a g e  p a t h s  d u r i n g  t h e  c o n s o l i d a t i o n  p e r i o d o  
( b )  U s i n g  a  v a c u u m  m e m b r a n e - e x p a n d e r ,  a  t h i n ,  
l e a k - p r o o f  m e m b r a n e  i s  p l a c e d  o v e r  t h e  s p e c i m e n o  T w o  
r u b b e r  0 - r i n g s  a r e  p l a c e d  a r o u n d  t , h e  m e m b r a n e  a t  t h e  
e l e v a t i o n  o f  t h e  p e d e s t a l  t o  p r o v i d e  a  p o s i  t , i v e  s e a l  0  
A  c o a t e d ,  p o l i s h e d  d i s k  i s  p l a c e d  o n  t h e  s p e c i m e n  a n d  
' t h e n  a  h e a d e r  o r  t o p  c a p  i s  p l a c e d  o v e r  t h i s "  T w o  r u b b e r  
0 - r i n g s  a r e  t , h e n  p l a c e d  a r o u n d  t h e  m e m b r a n e  a t :  t h e  
h e a d e r  t o  p r o v i d e  a  p o s i t i v e  s e a l  a t  t , h e  t o p  o f  t h e  
s p e c i m e n  o  W h e n  t h e  u n c o n f i n e d  c o m p r e s s i o n  t , e s t  i s  b e i n g  
r u n ,  t , h e  0 - r i n g s  a t  t h e  ' t O p  c a p  a n d  a t  t h e  p e d e s t a l  a r e  
n o t  r e q u i r e d "  T h e  h o l l o w  p l e x i g l a s s  c y l i n d e r  i s  p l a c e d  
o n  t h e  b a s e ,  a n d  t h e  t : o p  c o v e r  i s  s e c u r e d  b y  m e a n s  o f  
t h e  t h r e e  v e r t , i c a l  r o d s  a n d  n u t : s  0  L a r g e  0 - : c i . n g s  a r e  
u s e d  t o  f o r m  a  p r e s s u r e  s e a l  b e t w e e n  t h e  c y L i n d r i c a l  
c h a m b e r  a n d  U t e  b a s e  a n d  t h e  t , o p  c o v e r  o  T h e  l o a d i n g  
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p i s t o n  i s  t h e n  p l a c e d  i n t o  t h e  c h a m b e r  t h r o u g h  t h e  
b u s h i n g s  a n d  l o w e r e d  u n t i l  i t  e n · t e r s ,  b u · t  d o e s  n o t  
t o u c h ,  t h e  r e c e s s  i n  t h e  t o p  e n d  c a p ,  
( c )  T h e  t e s t  c h a m b e r  c o n t a i n i n g  t h e  s p e c i m e n  i s  
p l a c e d  i n  t h e  l o a d i n g  f r a m e  a n d  f i l l e d  w i · t h  w a t e r  t o  
a n  e l e v a t i o n  a p p r o x i m a t e l y  o n e  i n c h  a b o v e  t h e  0 - r . i n g s  
a r o u n d  t h e  t o p  h e a d e r  c a p ,  T o  s a t u r a t e  t h e  d r a i n a g e  
l i n e s  p r i o r  t o  b e g i n n i n g  t h e  t e s t ,  a  v a c u u m  i s  a p p l i e d  
t o  o n e  d r a i n a g e  l i n e  w h i l e  t h e  e n d  o f  t h e  o t h e r  i s  
s u b m e r g e d  . i n  a  b e a k e r  o f  w a t e r ,  T h i s  r e m o v e s  a i r  f r o m  
b e t w e e n  t h e  s a m p l e  a n d  m e m b r a n e  a n d  d : r a w s  w a t e r  f r o m  
t h e  b e a k e r  i n t o  t h e  d r a i n a g e  l i n e s ,  T h e  v a c u u m  l i n e  i s  
t h e n  d i s c o n n e c t e d  a n d  a  b u r e t t e  . i s  a t t a c h e d  t o  t h e  l i n e "  
W a t e . r  i s  a l l o w e d  t o  f l o w  b a c k  f r o m  t . h e  b u r e t t e  t h r o u g h  
t h e  d r a i n a g e  L i n e s  u n t i l  i t  i s  a p p a r e n t :  t h a t  a l l  a i r  
b u b b l e s  h a v e  b e e n  r e m o v e d ,  A  s m a l l  p r e s s u r e  ( a p p r o x : i -
m a ' t : e l y  t w o  p o u n d s  p e r  s q u a r e  i n o h )  i < 1  a p p l i e d  t o  t h e  
f l u i d  i n  t h e  t e s t  c h a m b e r  d u r i n g  t h i s  p r o c e s s  t o  p r e v e n t :  
w s ; t e r  f r o m  < m t e : d n g  t h e  s p a c e  b l § l t w e e n  t h l i l  s a m p l e  a n d  
m < : i l m b r a n e "  T h e  p o r e  p : n o s s u r e  l i n e  i s  t h l § l n  c o n n e c t e d  
t o  t h e  p o r e - p r e s s u r e  m e a s u r i n g  d e v i c e ,  I f  p o r e  p r e s s u r e  
m e a s u r ! i l m e n t : s  a r e  n o t :  ~·equired, t h e  m e a s u r i n g  d e v i c e  d o e s  
n o t  n e e d  t o  b e  c o n n e c t e d ,  
I n  t h e  u n c o n f i n e d  c o m p r e s s i v e  t e s t ,  t h e  p r o c e d u r e s  
o f  t . h e  a b o v e  p a r a g r a p h  a r e  n o t  u s e d ,  
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(d) The confining pressure is applied to the speci-
men by means of the pressure regulator. Concurrently, 
a back-pressure is applied to the top of the burette 
by means of another pressure regulator. The consolida-
tion pressure achieved is the difference between these 
two pressures. one of the specimens of the triaxial 
series is consolidated under a pressure approximately 
equal to the in situ confining pressure (estimated by 
knowing the unit weight and depth below the surface 
from which the sample was obtained) . Other confining 
pressures are used in the series to obtain differences 
in the principle stresses in order to plot t.he Mohr's 
circles. A back pressure (usually 30 pounds per square 
inch) is applied overnight to insure that the specimen 
is saturated. 
In the unconfined compressive test, the 
procedures of the above paragraph are not. used. 
(e) Before the axial load is increased, the valve 
between the chamber and the burette is closed so that 
the specimen is sheared in an undrained condition. 
(f) The loading device :is started and allowed 
to run a few minutes at the desired testing speed in 
order to compensate for any piston friction and (or) 
upward thrust on the piston due to chamber pressure. 
17 
T h e  l o a d - a n d  d e f o r m a t i o n - m e a s u r i n g  d e v i c e s  a r e  z e r o e d  
w h e n  t h e  p i s t o n  m a k e s  c o n t a c t  w i t h  t h e  t o p  h e a d e r "  
I n  t h e  t r i a x i a l  t e s t ,  t h e  s t r a i n  r a t e  u s e d  i n  
a p p l y i n g  t h e  a x i a l  l o a d  i s  o n e  o r  t w o  p e r c e n t  p e r  h o u r "  
T h i s  i n s u r e s  a  f a i l u r e  t i m e  o f  n o t  l e s s  t h a n  f o u r  h o u r s  
a n d  i n  m o s t  c a s e s  u p  t o  a p p r o x i m a t e l y  e i g h t  h o u r s "  
T h i s  i s  s u f f i c i e n t  t i m e  t o  p e r m i t  e q u a l i z a t i o n  o f  p o r e  
p r e s s u r e s  w i t h i n  t h e  s p e c i m e n .  R e a d i n g s  o f  t h e  d e f o r m a t i o n ,  
a p p l i e d  l o a d  a n d  p o r e  p r e s s u r e  a r e  · t a k e n  a t  a p p r o x i m a t e l y  
f i v e - m i n u t e  i n t e r v a l s  a t  t h e  b e g i n n i n g  o f  t h e  t . e s t .  a n d  
a t  3 0 - m i n u t e  i n t e r v a l s  t h e r e a f t e r .  
T h e  s t r a i n  r a t e  u s e d  i n  t h e  u n c o n f i n e d  t e s t  
i s  a p p r o x i m a t e l y  0 . 5  p e r c e n t  p e r  m i n u t e "  R e a d i n g s  o f  
t h e  l o a d  a n d  d e f o r m a t i o n  a r e  t a k e n  a t  0 . 0 0 5 - i n c h  i n t e r -
v a l s  u p  t o  a  d e f o r m a t i o n  o f  a b o u t  0 . 2  . i n c h  a n d  t h e r e -
a f t e r  a t  0  " O l - i n c h  i n t e r v a l s  u n t i l  f a i l u r e  o c c u r s .  
T h e  t e s t  i s  c o n t i n u e d  u n t i l  t h e  l o a d  d e c r e a s e s  
o r  r e m a i n s  e s s e n t i a l l y  c o n s t a n t "  S o m e  s p e c i m e n s  w i l l  
y i e l d  u n d e r  n e a r l y  c o n s t a n t  s t r e s s  w h i l e  t h e  l o a d  c o n -
t i n u e s  t o  i n c r e a s e  s l i g h t l y  d u e  t o  t h e  i n c r e a s i n g  c r o s s -
s e c t i o n a l  a r e a .  A n  e x a m i n a t i o n  o f  a  f e w  r e a d i n g s  w i l l  
i n d i c a t e  w h e t h e r  o r  n o t  t h e  m a x i m u m  s t r e s s  h a s  a c t u a l l y  
b e e n  r e a c h e d .  
( g )  A f t e r  f a i l u r e ,  a l l  p r e s s u r e s  a r e  r e l e a s e d  a n d  
t . h e  c o n f i n i n g  f l u i d  i s  d r a i n e d  f r o m  t h e  t e s t  c h a m b e r .  
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T h e  t e s t i n g  a p p a r a t u s  i s  d i s a s s e m b l e d - - b e i n g  c a r e f u l  n o t  
t o  d i s t u r b  t h e  f a i l e d  s p e c i m e n o  T h e  s p e c i m e n  i s  e x a m i n e d  
a n d  t h e  m o d e  o f  f a i l u r e  i s  s k e t c h e d  f o r  f u t u r e  r e f e r e n c e o  
T h e  s p e c i m e n  i s  w e i g h e d  a n d  p l a c e d  i n  a n  o v e r  t o  d r y  
i n  o r d e r  t o  d e t e r m i n e  t h e  m o i s t u r e  c o n t e n t  a n d  u n i t  
w e i g h t o  
C A L C U L A T I O N S  
5 o  ( a )  A s s u m i n g  t h a t  t h e  s p e c i m e n  s t r a i n s  e q u a l l y  i n  
a l l  d i r e c t i o n s  u n d e r  t h e  c o n f i n i n g  p r e s s u r e ,  t h e  l e n g t h  
o f  t h e  s p e c i m e n  a f t e r  c o n s o l i d a t i o n  ( j u s t  p r i o r  t o  
s h e a r i n g )  m a y  b e  d e t e r m i n e d  b y  m e a n s  o f  a  t r i a l - a n d - e r r o r  
m e t h o d  u s i n g  t h e  f o l l o w i n g  e q u a t i o n :  
A L - t . V  =  1 1  ( R - ¥ - )
2  
( L - t . L )  
w h e r e  A  =  c r o s s - s e c t i o n a l  a r e a  o f  s p e c i m e n  a s  d e t e r m i n e d  
b y  p h y s i c a l  m e a s u r e m e n t s ,  
L  =  l e n g t h  o f  s p e c i m e n  a s  d e t e r m i n e d  b y  p h y s i c a l  
m e a s u r e m e n t s ,  
t . V  =  v o l u m e  c h a n g e  a s  m e a s u r e d  b y  t h e  b u r e t t e ,  
R  =  r a d i u s  o f  t h e  s p e c i m e n  a s  d e t e r m i n e d  b y  
p h y s i c a l  m e a s u r e m e n t s ,  a n d  
t i L  =  c h a n g e  i n  l e n g t h  o f  s p e c i m e n  d u r i n g  c o n -
s o l i d a t i o n o  
A n  a l t e r n a t i v e  m e t h o d  o f  o b t a i n i n g  t h e  a r e a  ( v o l u m e )  o f  
t h e  s p e c i m e n  a f t e r  c o n s o l i d a t i o n  i s  t o  m e a s u r e  t h e  c h a n g e  
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in height with a cathetometer and to calculate the 
radius of the specimen. 
(b) The axial strain, &, for a given applied 
load is calculated as follows: 
£ = ~ .. !:. 
R,o 
where/H.= change in length of specimen as determined 
from the deformation indicator, and 
R.o = length of specimen after consolidation. 
(c) The average cross-sectional area, A, for 
a given applied load is calculated as follows: 
where V
0 
A = V. 
R.Q-H 
= volume of specimen after consolidation (just 
prior to shearing) • 
The area, A, may alternatively be calculated from 
dimensions obtained by direct measurement by means of 
a cathetometer when the surfaces of the specimen are 
measureable. 
(d) The deviator load per unit area, aa, for a 
given applied load is: 
a = P a -
A 
where P = the applied deviator load, and 
A = the corresponding average cross-sectional ai·ea. 
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( e )  G r a p h s .  A  g r a p h  s h o u l d  b e  p r e p a r e d  t o  s h o w  
t h e  r e l a t i o n s h i p  b e t w e e n  t h e  p o r e  p r e s s u r e  a n d  t h e  u n i t  
s t r a i n ,  i f  p o r e  p r e s s u r e s  w e r e  m e a s u r e d .  A  g r a p h  
s h o u l d  a l s o  b e  d r a w n  t o  s h o w  t h e  r e l a t i o n s h i p  b e t w e e n  
t h e  u n i t  d e v i a t o r  s t r e s s  a n d  t h e  u n i t  s t r a i n - - p l o t t i n g  
t h e  u n i t  d e v i a t o r  s t r e s s  v a l u e s  a s  t h e  o r d i n a t e  a n d  t h e  
u n i t  s t r a i n  v a l u e s  a s  t h e  a b s c i s s a .  
T h e  m a x i m u m  v a l u e  o f  t h e  l o a d  p e r  u n i t  a r e a  o r  t h e  
l o a d  p e r  u n i t  a r e a  a t  2 0  p e r c e n t  s t r a i n ,  w h i c h e v e r  i s  
o b t a i n e d  f i r s t ,  i s  r e p o r t e d  a s  t h e  u n c o n f i n e d  c o m p r e s -
s i v e  s t r e n g t h .  F o r  t h e  t r i a x i a l  t e s t ,  t h e  m a x i m u m  
v a l u e  o f  t h e  d e v i a t o r  s t r e s s  (  D a  =  0 ] _ - ~) i s  s e l e c t e d  a n d  
u s e d  t o  c o n s t r u c t  t h e  M o h r ' s  c i r c l e s .  W h e n  a l l  M o h r ' s  
c i r c l e s  h a v e  b e e n  p l o t t e d ,  a  l i n e  i s  d r a w n  w h i c h  i s  
m o s t  n e a r l y  t a n g e n e t  t o  a l l  t h e  c i r c l e s .  T h e  i n t e r s e c t . i o n  
o f  t h i s  l i n e  w i t h  t h e  o r d i n a t e  a x i s  i s  t h e  c o h e s i o n  
v a l u e ,  c ,  a n d  t h e  a n g l e  b e t w e e n  t h i s  l i n e  a n d  t h e  
h o r i z o n t a l  i s  t h e  a n g l e  o f  i n t e r n a l  f r i c t i o n ,  ¢ .  
R E P O R T  
7 .  T h e  r e p o r t  s h a l l  i n c l u d e  t h e  f o l l o w i n g :  
l )  T h e  u n c o n f i n e d  c o m p r e s s i v e  s t r e n g t h  o r  t h e  
c o h e s i o n  a n d  t h e  a n g l e  o f  i n t e r n a l  f r i c · t i o n .  
2 )  T y p e  o f  t e s t  p e r f o r m e d - - t h a t  i s ,  u n c o n f i n e d  
c o m p r e s s i v e  t e s t ,  c o n s o l i d a t e d  u n d r a i n e d  t r i a x i a l  
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test with pore pressure measurements, or con-
solidated undrained triaxial test. without pore 
pressure measurements 
3) Type and shape of specimen--that is, undisturb-
ed, remolded, cylindrical, or prismatic. 
4} Height-to-diameter ratio. 
5} Visual description. 
6) Initial density, moisture content, and degree 
of saturation. 
7) For the unconfined compressive test, the 
average strain at failure. 
8) Average rate of strain to failure, in per-
cent. 
9) Remarks--note any unusual conditions or ot.her 
data that would be considered necessary to properly 
interprete the results obtained. 
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SCOPE 
Method of Test. for 
CONSOLIDATION PARAMETERS OF SOILS 
BY ONE-DIMENSIONAL CONSOLIDATION TESTS 
lo This method of testing enables the evaluation of 
consolidation parameters of soils for use in determining the 
time rate and magnitude of settlement of soils under load" 
The test conditions are such that the test specimen is com-
pletely confined laterally, freely drained in the vertical 
direction, and subjected t.o a vertical, axial load" 
APPARATUS 
2" (a) Loading Device" The loading device may consist 
of a loading frame with a counterbalanced lever system (see 
Figure B-1), a plat.form scale, or a hydraulically controlled 
apparatus (see Figure B-2)" The apparatus should permit the 
application of a given load increment without impact within 
approximately 1/2 second" It should be capable of maintaining 
specified loads indefinitely, within approximately 1/2 per-
cen·t of t.he applied load, whil'e permitting increasing vertical 
compression of the sample" 
The major control components of the hydraulic 
loading apparatus are: 
(l) Piston-diaphragm System" The load is 
applied t.o the specimen through the pist.on-diaphragm 
syst.em" 
Figure B-1. Counterbalanced Lever 
System Loading· Frame. 
Figure B-2. Hydraulically Controlled 
Loading Device. 
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( 2 )  A i r  R e g u l a t o r s .  T h e  a i r  p r e s s u r e  a c t i n g  
o n  t h e  p i s t o n ,  a n d  c o n s e q u e n t l y  t h e  l o a d  a p p l i e d  t o  
t h e  s a m p l e ,  i s  c o n t r o l l e d  b y  t h e  a i r  r e g u l a t o r s .  A  
c o n t i n u o u s  s u p p l y  o f  a i r  i s  r e q u i r e d .  A t  a n y  g i v e n  
s e t t i n g ,  t h e  r e g u l a t o r  w i l l  p a s s  a  c o n s t a n t  a i r  
p r e s s u r e ,  r e g a r d l e s s  o f  v a r i a t i o n s  i n  s u p p l y  p r e s -
s u r e .  T h e  p r e c i s i o n  a t  l o w  p r e s s u r e s  i s  i n c r e a s e d  
b y  t h e  u s e  o f  a  h i g h  p r e s s u r e  r e g u l a t o r  a t t a c h e d  b e -
t w e e n  t h e  l o w  p r e s s u r e  r e g u l a t o r s  a n d  t h e  s u p p l y  
p r e s s u r e .  T h e  s t a b i l i t y  o f  t h e  r e g u l a t o r s  d e p e n d s  
u p o n  i n t e r n a l  b l e e d i n g  o f  a i r  a n d  t h e  a m o u n t  o f  a i r  
b l e d  w i l l  a p p r o a c h  0 . 2  t o  0 . 4  s t a n d a r d  c u b i c  f e e t  
p e r  m i n u t e .  
( 3 )  P r e s s u r e  G a u g e s .  T h e  p r e s s u r e  g a u g e s  a r e  
8  1 / 2 - : i n c h  p e r c i s i o n  t e s t  g a u g e s  w i t h  a  r e p e a t a -
b i l i t y  o f  1 / 4  · t o  1 / 2  o f  o n e  p e r c e n t .  T h e  g a u g e s  a r e  
c a l i b r a t e d  i n  p o u n d s  p e r  s q u a r e  i n c h  a n d  i n  t o n s  
p e r  s q u a r e  f o o · t  o n  2 o 5 0 - i n c h  a n d  4 . 4 4 - i n c h  s p e c i m e n s .  
T h e y  a r e  p r o v i d e d  w i t h  a  r e f l e c t o r  s t r i p  t o  e l i m i n a t e  
p a r a l a x  i n  r e a d i n g .  O n e  g a u g e  i s  u s e d  t o  r e c o r d  
p r e s s u r e  p a s s e d  b y  t h e  a i r  r e g u l a t o r s  i n  t h e  r a n g e  
f r o m  0  t o  1 0  p o u n d s  p e r  s q u a r e  i n c h  a n d  a n o t h e r  f o r  
p r e s s u r e s  : i n  t h e  r a n g e  f r o m  0  t o  1 0 0  p o u n d s  p e r  
s q u a r e  i n c h "  
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( 4 )  C o n t r o l  V a l u e s .  A  t o g g l e  ( l o a d )  v a l v e  
c o n t r o l s  t h e  a p p l i c a t i o n  o f  p r e s s u r e  t o  t h e  p i ' s  t o n .  
T h e  t o g g l e  v a l v e  i s  n o r m a l l y  o p e n  d u r i n g  t e s t i n g .  
I t  i s  c l o s e d  o n l y  w h e n  i · t  i s  n e c e s s a r y  t o  c h a n g e  t h e  
l o a d  o n  t . h e  s a m p l e  i n  o r d e r  t o  m a i n t a i n  t h e  e x i s t i n g  
l o a d  o n  t h e  s a m p l e  d u r i n g  t h e  s h o r t  i n t e r v a l  o f  
t i m e  n e c e s s a r y  t o  r e s e t  t h e  a i r  r e g u l a t o r  f o r  t h e  
n e w  l o a d .  W h e n  t . h e  t o g g l e  v a l v e  i s  r e o p e n e d ,  t h e  
n e w  l o a d  i s  a p p l i e d  i n s t a n t a n e o u s l y .  
( b )  C o n s o l i d o m e t e r .  T h e  c o n s o l i d o m e t e r  s h a l l  c o m -
p l e t e l y  a n d  . r i g i d l y  c o n f i n e  t . h e  s p e c i m e n  i n  t h e  l a t e r a l  
d i r e c t i o n  ( s e e  F i g u r e  B - 3 ) .  ' I ' h e  d i a m e t e r  o f  t h e  c o n s o l i d a t i o n  
r i n g  s h a l l  b e  d e t e r m i n e d  b y  t h e  c o m m o n  s i z e  o f  u n d i s t u r b e d  
t u b e  s a m p l e s  . r e c e i v e d  : f o r  b e s t  o r  b y  t h e  m a x i m u m  s i z e d  p a r t i c l e s  
. i n  c o m p a c t e d  s p e c i m e n s .  T h e  m i n i m u m  s p e c i m e n  d i a m e t e r - · t o -
t h i c k n e s s  r a t i o  s h o u l d  b e  2 . 2 .  T h e  D i v i s i o n  o f  R e s e a r c h  n o r m a l -
l y  u s e s  s p e c i m e n s  2  1 / 2  o r  2  1 / 4  : i n c h e s  i n  d i a m e t e r  b y  o n e  
i n c h  n o m i n a l  t . h : i c k n e s s .  T ' h e  c o n s o l i d a t i o n  r i n g  s h o u l d  b e  m a d e  
o f  a  n o n c o r r o s i v e  b r a s s  w i · t h  · t h e  i n n e r  s u r f a c e  c o a t e d  w i " t h  
t e f l o n ,  a s  s h o w n  : i n  F i g u r e  B - 3 .  
( c )  P o r o u s  s · t o n e s .  P o r o u s  s t o n e s  o f  s u i t a b l e  p o r o s i t y  
a n d  . i n c o m p r e s s i b i l i t y  s h a l l  b e  u s e d  a t  t h e  t o p  a n d  b o t t o m  o f  
t h e  t e s · t  s p e c i m e n  i . n  o r d e r  t o  t r a n s m . i  t  t h e  l o a d  t o  t h e  s p e c i -
m e n  a n d  s · t . i l l  p e r m i t  f r e e  d r a i n a g e .  T h e  s t . o n e s  m a y  b e  m a d e  
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S t Q n e s  
D r a i n a g e  O u t l e t s  ~ 
T o p  D r a i n a g e  O u t l e t s  
T e f l o n  L o a d i n g  
F i g u r e  B - 3 .  S c h e m a t i c  D r a w i n g  o f  
C o n s o l i d o m e t e r .  
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L i n e r  
u b b e r  G a s k e t  
from fine grade alundumo The upper porous stone is approxi-
mately Ool inch smaller in diameter than the consolidometer 
and is seated in a teflon loading cap as shown in Figure B-30 
The loading cup has a clearance of less than Oo005 inches 
with the consolidometer ring and will fall through the ring 
under its own weight: o The tolerance :is close enough, however, 
tha·t there :is no tendency for soil to be extruded between the 
ring and t.he load cap, even when test.:ing the soft.est of 
materialso 
(d) Moist Roomo Specimens should be stored and 
prepared in a moist room :in order t.o minimize lose of natural 
moisture by evaporat:iono 
(e) Deformation Ind.i.cat.or 0 The deformation indicator 
may be a dial ext.ensomet:er gradua·ted t.o 0 oOOOl .inches and 
having sufficient travel "t<::J measure the expected vertical com-
pression of the spec.imeno 
(f) Trimming Equ.i.pmenL This equipment. includes a 
frame (see F:ig·ure B-4), appropria·te trimming and carving tools, 
vernier cal.ipe:rs capable of measuring t:he dimensions of the 
specimen t.o the neares·t 0 oOl inches, a sample cutter, an end-
trimming device, and a sample extruder" 
(g) Dryircg Oven o A thermostatically controlled dry-
ing oven capable of maintaining a temperature of 230+ 9°F 
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(h) Balances" The balances shall be suitable for 
weighing soil specimens to the nearest OoOl grams" 
{i) Miscellaneous Equipment" Miscellaneous equip-
ment required include mois·ture content cans, spatulas, wax 
heater, and data sheets" 
PREPARATION OF TEST SPECI.MENS 
3" (a) Undisturbed Specimens" Undisturbed specimens 
may be prepared from large undisturbed samples or from samples 
secured in accordance with the Method for Thin-Walled Tube 
Sampling of Soils (ASTM Designation: D 1587)" When the tubes 
are received in the laboratory, the samples are extruded using 
a hydraulic jack mounted in a horizontal position" Moisture 
content samples are taken and the sample is cu·t into specimens 
of the desired lengt.h" I'he soil is identified by ASTM Tentative 
Recommended Practice for Description of Soils (Visual-Manual 
Procedure) and is dipped in wax and stored in a cool place 
until ready for testing" 
Tube specimens may be tested without. trimming, 
except for the squaring of ends, if conditions of t.he sample 
justify this procedure. If trimming is necessary, the specimen 
should be handled carefully t.o prevent disturbance, changes in 
cross section, or loss of moisture content" The trimming of 
specimens, whenever possible, should be done in a humidity-
controlled room and effort should be made to prevent any change 
in moisture content of the soil" 
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(b) Remolded Specimens o Specimens may be prepared 
from a failed, undisturbed specimen or from a disturbed sampleo 
'rhe dis,tu:rbed mat:e:rcial may be formed in a mold of any size; 
the me,thod of molding, and compaction may be varied to produce 
the desired density, moisture content, and soil structureo 
If t:I':!e specimens are not molded to the desired size, the soil 
tl:irrmtirHJ eq,dpmen:t used to 'trim undisturbed samples can also 
be used to trim specimens from the remolded materialo 
(c) Use the material trimmed from the sample to 
de,termine the natural moisture content (based on dry weight) 
and 'the specific gravity in accordance with the Method of 
'l'est for the Specific Gravity of Soils, ASTM Designation' D 684o 
'T'he .ini'tial We't weight of the specimen, and its volume, is 
de't:e,:rmined fx'om the diameter and height of the consolidation 
ring and t:he wei<Jlrt of the consolidation ring and the specimen 0 
(d) ci'he liquid limit (ASTM Designa,tion' D 423) and 
t:he plast:ic limit (AS':rM Designa,tion' D 424) are useful in 
.identi:Eying Uw soil and in correlating the result,s of tests 
on different: specimens o 'I'hese 'tes,ts are also performed on the 
trim.rn.ing·s f:r'om ·the sa.mples o 
PROCEDURE 
4 o (a) 'I'Le porous stones shou,ld be sa'turated so as not 
to absorb waber from the t:es'!: specimen o All surfaces of the 
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consolidometer which are to be enclosed should be moistened. 
After assembling the consolidometer, the consolidation ring 
and specimen and the porous stones are encased in a loose 
fitting· plastic or rubber membrane to preven·t evaporation or 
the movement of cdr around the specimen. 
(b) 'I'he consolidometer is then placed in the load-
ing device and a seating load of 100 pounds per square foot 
(50 grams per square centimetel:) is applied " Adjust the micro-
meter dial gauge for the initial or zero reading. For very 
soft soils a seating load of 50 pounds per square foot (25 
grams per square centime-ter) or less is desirable" 
(c) The consolidation pressure on the specimen 
should be increased by a suitable succession of .load increments 
until a linear relationship between the thickness and the log 
pressure becomes apparent, or until the maximum pressure is 
at least t.wice that anticipated in the soil under the combined 
overburden and structural loads. Normally, pressure increments 
are added so that the total applied pressure will be approxi-
mately 1./32, 1./16, 1/8, " •.• 1, 2, 4, 8, tons per square 
foot. Smaller .increments may be desirable on very soft 
samples. 
(d) ror each successive pressure increment, record 
the thickness, or change in thickness, of the specimen at such 
intervals of to·tal time after the instant of loading that time-
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consolidation curves may be plotted with sufficient accuracy; 
for example, approximately 0.1, 0.25, 0.5, 1, 2, 4, 8, 15, 
30 minutes, 1, 2, 4, 8 hours etc. Readings should continue 
at least. un·til the slope of the characteristic linear, secon-
dary portion of the consolidation-log time curve is apparent. 
For soils which exhibit a slow rate of primary consolidation, 
loads should be permitt.ed to act on the specimen for at 
least 24 hours, and, in extreme cases or where secondary con-
solidation mus·t be evaluated, much longer before the next load 
increment is applied. 
(e) When rebound or unloading characteristics are 
desired, the specimen will be unloaded in double increments, 
and in reverse order, used in ·the loading sequence" Specimen 
thickness, or change in thickness, readings should be obtained 
over a period of time as indicated above. 
(f) An al·ternative loading, unloading, and reload-
ing schedule may be used if it b6'tter reproduces the con-
struction stress changes, or results in a better definition of 
some part of the void ratio-pressure curve, or aids in inter-
preting the field behavior of t.he soiL The alternative 
schedule should be clearly indica·ted in the test report" 
(g) If t.he test: is performed on an undisturbed sample 
that was sat.ura·ted under field conditions or ob·tained from 
below the water table, it should be inundated after the seating 
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l o a d  i s  a p p l i e d .  S a m p l e s  a l s o  m a y  b e  i n u n d a t e d  a t  l o a d s  t h a t  
s i m u l a t e  i n u n d a t i o n  u n d e r  f u t u r e  f i e l d  c o n d i t i o n s .  I n  s u c h  
c a s e s  t h e  l o a d  a t  i n u n d a t i o n  a n d  a n y  r e s u l t i n g  e f f e c t s ,  s u c h  
a s  e x p a n s i o n  o r  i n c r e a s e d  s e t t l e m e n t ,  s h o u l d  b e  n o t e d  i n  t h e  
t e s t  r e p o r t .  
( h )  A t  t h e  c o m p l e t i o n  o f  t h e  t e s t ,  t h e  e n t i r e  
s a m p l e  i s  r e m o v e d  f r o m  t h e  c o n s o l i d o m e t e r ,  w e i g h e d  a n d  o v e n  
d r i e d  t o  o b t a i n  t h e  w e i g h t  o f  s o l i d s .  
C A L C U L A T I O N S  
5 .  ( a )  A .  g r a p h  o f  t h e  s p e c i m e n  t h i c k n e s s ,  o r  c h a n g e  
i n  t h i c k n e s s ,  v e r s u s  l o g  t i m e  s h o u l d  b e  p r e p a r e d  f o r  e a c h  i n -
c r e m e n t  o f  l o a d  o r  p r e s s u r e  a s  t h e  t e s t  p r o g r e s s e s .  T h i s  i s  
n e c e s s a r y  t o  g i v e  a n  i n d i c a t i o n  o f  t h e  t i m e  t o  a d d  t h e  n e x t  
l o a d  i n c r e m e n t .  
( b )  ' I ' h e  d e f o r m a t i o n ,  o r  s p e c i m e n  t h i c k n e s s ,  r e p r e -
s e n t i n g  1 0 0  p e r c e n t  p r i m a r y  c o n s o l i d a t i o n  f o r  e a c h  l o a d  i n c r e -
m e n t  i s  d e t e r m i n e d  a s  t h e  i n t e r s e c t i o n  o f  a  s · t r a i g h t  l i n e  
t h r o u g h  t h e  p o i n t s  r e p r e s e n t i n g  t h e  f i n a l  r e a d i n g s  a n d  w h i c h  
e x h i b i t  a  s t r a i g h t  l i n e  t r e n d  a n d  a  f l a t  s l o p e  a n d  a  s t r a i g h t  
l i n e  t a n g e n t  t o  t h e  s t e e p e s t  p a r t  o f  d e f o r m a t i o n - l o g  t i m e  c u r v e .  
( c )  T o  f i n d  t . h e  d e f o r m a t i o n  r e p r e s e n t i n g  z e r o  p e r c e n t  
p r i m a r y  c o n s o l i d a t i o n ,  d e t e r m i n e  t h e  d i f f e r e n c e  b e t w e e n  d e -
f o r m a · t i o n s  a · t  a n y  t : w o  t i m e s  t h a t  h a v e  a  r a t i o  o f  1  t o  4  o n  
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t h e  e a r l y  p o r t i o n  o f  t h e  d e f o r m a t i o n  ( t h i c k n e s s ) - l o g  t i m e  
c u r v e .  T h e  d e f o r m a t i o n  o r  t . h i c k n e s s  c o r r e s p o n d i n g  t o  a  z e r o  
p e r c e n t  h y d r o d y n a m i c  c o n s o l i d a t i o n  i s  e q u a l  t o  t h e  d e f o r m a t i o n  
c o r r e s p o n d i n g  t o  t h e  e a r l i e r  t i m e  l e s s  t h e  d i f f e r e n c e  i n  t h e  
d e f o r m a t i o n s  f o r  t . h e  t w o  s e l e c t e d  t i m e s .  
( d )  T h e  d e f o r m a t i o n  c o r r e s p o n d i n g  t o  5 0  p e r c e n t  
h y d r o d y n a m i c  o r  p r i m a r y  c o n s o l i d a t i o n  f o r  e a c h  l o a d  i n c r e m e n t  
i s  e q u a l  t o  t h e  a v e r a g e  o f  t h e  d e f o r m a t i o n s  c o r r e s p o n d i n g  t o  
t h e  0  t o  1 0 0  p e r c e n t  d e f o r m a t i o n s .  T h e  t i m e  r e q u i r e d  f o r  5 0  
p e r c e n t  c o n s o l i d a t i o n  u n d e r  e a c h  l o a d  i n c r e m e n t  i s  f o u n d  
g r a p h i c a l l y  f r o m  t h e  d e f o r m a t i o n - l o g  t i m e  c u r v e s .  
( e )  F o r  e a c h  l o a d  i n c r e m e n t ,  c o m p u t e  t h e  c o e f f i c i e n t  
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w h e r e  H  i s  t . h e  s a m p l e  t h i c k n e s s  i n  i n c h e s ,  t  t h e  t i m e  i n  m i n u t e s  
f o r  5 0  p e r c e n t  c o n s o l i d a t i o n ,  a n d  c v  i s  e x p r e s s e d  i n  s q u a r e  
f e e t  p e r  d a y .  
{ f )  A n  a l t e r n a t . i v e  p r o c e d u r e  f o r  d e t e r m i n i n g  c v  r e -
q u i r e s  t h a · t  a  g r a p h  o f  d e f o r m a t i o n  v e r s u s  t h e  s q u a r e  r o o t  o f  
t i m e  t o  b e  m a d e .  T h e  c e n t r a l  p o r t i o n  o f  t h e  c u r v e  i s  a p p r o x i -
m a t e l y  a  s t r a i g h t  l i n e .  T h e  l i n e  i s  e x t r a p o l a t e d  b a c k  t o  z e r o  
t i m e .  T h e  c o r r e s p o n d i n g  d e f o r m a t . i o n  r e p r e s e n t s  z e r o  p e r c e n t  
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primary or hydroyna.m:i.c consolidation. A second straight 
line is dra1111n through this po.in·t so that the abc.issa of 
this line are 1.15 times the abcissa of the straight line 
approximation of the central portion of the curve. The inter-
section of the new line with t:he defo:rma·tion-square root of 
time curve corresponds to 90 percent primary consolidation. 
The deformation at l{"J percent primary consolidat.ion is l/9 
more than the difference in. deformations between 0 and 90 per-
cent consolidation. Similarly the deformation at 50 percent 
consolidation is 5/9 of the difference between that at 0 
and 90 percent. The coefficient of consolidation can be found 





where H is the sample ·thickness in inches, t the time for 90 
percent consolidation in minutes, and cv is expressed in 
square feet per day. 
(g) Compt;.te the initial void ratio, water content, 
unit weight, and degree of saturation. 
(h) Compute the void ratio corresponding to 100 
percent primary consolidation for each load. As an alterna-
tive, compute the percent settlement at. 100 percent primary 
consolidation from the initial sample thickness for each load. 
Prepare a graph of void ratio (at. 100 percent primary consoli-
dation) versus log pressure. 
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REPORT 
6" The report shall include the following: 
(a) Identification and description of sample, 
including the type of specimen--·that is, undisturbed, remolded, 
or compacted. 
(b) Initial moisture content" 
(c) Initial unit weight" 
(d) Initial degree of saturation" 
(e) Specific gravity of solids" 
(f) Condition of test,--that is, natural moisture 
or inundated, and load of inundation" 
(g) Deformation versus log time curves (optional, 
bu·t desirable for organic and highly micaceous soil with 
appreciable secondary consolidation)" As an alternative include 
deformation versus square root of time curves" 
(h) Void ratio versus log pressure curve or per-
cent settlement versus log pressure curveo 
(i) Coefficient of consolidation versus log pres-
sure curveo 
(j) Remarks--note any unusual conditions or other 
data, such as special loading sequences, that would be con-
sidered necessary to properly interprete the test results 
obtained" 
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